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INTRODUCTION 
The development of the bullfrog, Rana catesbe iana, 
follows the typi ca l anuran pattern of developme ntal c han ge 
in which an aquatic, herbivorous larvae is transformed into 
a carnivorous adult adapted to a different mode of lif e 
(Frieden, 1961; Etkin, 1964). During metamorphosis alt e r a-
tion of structure and function occurs in many systems of 
the body being particularly extensive in the digestive tract. 
The gastro-intestinal (GI) tract is proporti o nat ely 
longer and less differentiated in the larvae than in the 
adult. The foregut of the tadpole is a long tube in whi c h 
no digestion or peristaltic movement occurs. Digestion 
takes place within the long coiled midgut posterior to a 
storage organ, the manicotto. At metamorphosis the foregut 
is transformed into the differentiated adult esop ha gus and 
stomach; the midgut becomes shorter (Reeder, 1964; ~arshall, 
1970). 
The gall bladder is well developed and co ntain s bil e 
throughout all stages of development as well as in the adult 
bullfrog (Marshall, 1970). Herbivorous vertebrat es are 
reported to continually secrete large volumes of dilute bile 
while carnivores secrete a more concentrated bile which is 
discharged into the duodenum when food is present (Magee, 1962.) 
l 
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Biliary analysis of amphibians has been almo st e ntir e ly 
limit e d to the ide ntification of the specific bil e s alt s 
contained within the bile of adults. There is an almo s t 
total absence of physiological information ab o ut tl1i s sec r e -
tion in amphibians and no comparative studi es of adult and 
larval biles have been und e rtaken. 
The pres e nt study of R. catesb e iana includes an analysi s 
of the following throughout th e course of po s t-e mbr yo ni c 
development: the change in GI tract length and weight; th e 
relative surfactant activity of the bile; the change in 
major bile pigments. The most rapid and profound morpho-
logical and physiological transitions occur during the 
period of metamorphic climax. Because no information rela-
tive to change in anurans is available during this period, 
particular emphasis is placed upon the examination of indi-
viduals during metamorphic climax. 
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MATERIALS AND METHODS 
The larval and adult specimens of R. c at esbeia na use d 
for bile analysis were collected from various pools adjac e nt 
to a one mile section of the Mokelumne River imme diat ely 
west of the California state highway 88 bridge . A few 
adults were collected at Swenson golf course within the c it y 
limits of Stockton, California and also along ~il to n Road 
in the vicinity of Linden, California. However, th ese 
adults were utilized only to develop the resear c h met ho do l ogy 
and are included only in the data summarized by Appendices l 
and 3 as well as Figures 1 and 2. 
All animals were staged according to the criteria of 
Taylor and Kollros (1946). For convenience of data presen-
tation the terms premetamorphosis (Taylor and Kollro s 
stages I - XIII), prometamorphosis (XIV - XIX) and meta-
morphic climax (XX - XXV) have been used whe re appropriate 
(Etkin, 1964). Animals were either sacrificed on the day 
of collection or maintained in a 40 gallon containe r of 
aerated water for up to 6 days. Tadpoles kept in the labora-
tory for more than one day were individuals in metamorphic 
climax which were being held until a desire d s tage had been 
reached. 
Prior to the removal of the gall bladde r each animal 
was placed in a container of shaved ice until torpid. The 
animal was then blotted damp dry and wei g hed to the nearest 
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0.01 gram on a doubl e b e am balance. Ea c h s pec ime n wa s the n 
pithe d , the e nt i r e gall bladde r r emo ve d and placed in a 
5 ml test tub e which was s eal e d with Para f ilm and p l :t ced in 
a fr eezer maintaine d at -15 C. The GI tra c t wa s t he n 
r e move d and stripped o f its contents. Th e ove ra l l l e ngt h 
was me asure d and the di gestive tract weight was d e t e r min e d 
to the n e are st 0.001 gram on an analyti c al bal a nce . 
Bil e was pre pare d for analysi s by op e nin g the s ampl e 
tube and lancing the froz e n gall bl a dde r wi th a ste r ile 
needle. The sampl e was the n reseal e d, placed in a dark 
cabinet and allowed to thaw at room temperature f o r fi ve 
minutes. A 25 microliter (ul) sampl e o f well mix e d bil e 
was r e moved from th e tube with a disposable micropip e tt e and 
transferred to a clean screw-cappe d culture tube c o n t ain i ng 
6.25 ml distilled water to provide a solution of 4 0 ul bil e 
per 10 ml water. A portion of the mi x ed solutio n wa s the n 
place d into a clean cuvette for imme diate spectro phot ome tri c 
analysis. 
Sp e ctrophotome tric analysis was done on a Co l e man , 
model 124 spectrophotometer. Readin gs were take n thro ug ho u t 
the visible spectrum from 350-810 nanom e t e r s (nm) and 
recorde d on a Coleman, model 56 chart r e corde r. Prior t o 
each sample's preparation and analysis th e s pe ctrophotome t e r 
was standardized according to the manufactur e r's sp e cifi c a-
tions. The sample was then run at eithe r the normal 0- l mV 
range or at the normal 0-2 mV range dep e nding upon the d e gree 
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of s ampl e pigmentation. Whe n necessary , sampl e s we r e run 
a second time using a scal e expande r to mor e c l e arly r e so lve 
the location of certain p e aks within the r eco rde d vjsibl e 
spectrum. All data are r e ported in 0-2 mV ran ge equival e nt s . 
Sampl es of bilirubin (Sigma No . B-4126) and bilive rdin 
(Sigma No. B-3753) were us e d as standards for comp a r i s o n 
with sample data. Solutions of these pigme nt s at 1 mg/100 ml 
concentration wer e pre pare d in a standard phospha te buff e r 
solution at pH 10 (re quire d for solubilization o f sampl e s) . 
Solutions were kept in refrigerated storage 24 ho ur s pri o r 
to spectrophotometric analysis. 
After spectrophotometric analysi s the bil e s ampl e was 
returned to the remaining sample in the culture tube a nd 
6.25 ml of distilled water were adde d to produce a solution 
with a concentration of 20 ~1 bile per 10 ml wat e r. 
The changes in the relative ability of the bil e to 
function as an emulsifying agent throughout the various 
stage s of metamorphosis was determined by measurin g the 
effect of certain concentrations of bile upon the surface 
tension of water. A Cenco, DuNouy interfacial tensiomete r 
was utilized for these analyses. The proce dure follow e d 
for the use and standardization of the inst rume nt was that 
outlined by Davies and Rideal (1963). Temp e rature of th e 
solutions tested was recorded; however the range was not 
sufficient to requ i r e the application of correct io n factors. 
For tensiomet e ric analysis 10 ml of the sample (20 ~1 
6 
bile/10 ml water) were placed in a clean syracuse watch 
glass. An average value for the solution's surface t e nsion 
was considered to be determined only after three co ns e c u-
tive readings were within ± 0.2 dyn e s per centimete r. Sur-
face tension values for high e r conc e ntrations (30 , 40 and 
50 ~1 of bile per 10 ml wat e r) were taken if sufficie nt 
bile was available from the individual specimen. Values 
for surface tension were also determined from dilut e d 
samples with concentrations of 10, 5, 2, 1, 0.5 and 0.2 ~1 
per 10 ml water. The resultant series of values we r e 
plotted to give a characteristic curve. 
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RESULTS 
The average weight of the GI tract relative to t o tal 
body weight remaine d virtually constant (3.6 - 5.3%) thro u g h-
out premetamorphosis and began to d e cre ase in we i g h t midway 
through prometamorphosis. The lowest relative diges tive 
tract weight occurred durin g stage XXII at whi c h time the 
average weight was only 1.5% of the total body we ight. Th e 
average relative GI tract weight of adults was some what 
greater (5.8 - 7.2%) than pre metamorphic individual s (Ap-
pendix l; Figure 1). 
The length of the digestive tract relative to t o tal 
body weight decreased continually throughout deve lopme ntal 
stages II to XXIII (approximately 7 em gut length/gram t o tal 
body weight at stage II; 1.2 cmjg at stage XXII). Th e rat e 
of decrease in relative GI tract length became gre at e r 
midway through prometamorphosis (stage XVI). Relative GI 
tract length apparently increased between stages XXII to 
XXIV. After stage XXV the relative length of th e diges tive 
tract decreased reaching the shortest relative l e ngth in 
mature adults (Appendix l; Figure 2). 
Prepared standard solutions of pure bilirubin had an 
absorption peak at 420 nm (Figure 3) and pure biliverdin 
solutions showed two absorption peaks at approximately 377 nm 
and at 660- 680 nm (Figure 4). 
The bile pigments bilirubin and bili verdin were not 
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det ec ted in significant concentrations in the bile prior 
to stage XX. The greatest concentration of bil e pigment 
was found at stage XXIV. The amount of bil e pigment in the 
adults was less than that found during metamorphi c climax, 
but did average more than that seen in individuals prior 
to stage XX (Appendix 2; Figure 5). 
Changes in th e location of absorption spec trum p e aks 
during metamorphic climax indicat e d a shift from bilive rdin 
to bilirubin. The absorption peak at stages XX - XXII 
s bowed that the bile pigment was almost wholly biliverdi n. 
However, during later stages of metamo rphic climax the r e la-
tive proportion of biliverdin decreased until the bil e at 
stage XXV contained predominantly bilirubin (App e ndix 2; 
Figure 6). 
The changes in surface tension produced by various con-
centrations of bile from each stage were averaged and used 
to generate characteristic curves. Stages II through XXV 
showed similar curves (Figures 7 through 13). Comparison 
of the individual surface tension readings at the selected 
concentrations (20 wl, 10 wl, a n d 5 wl bile per 10 ml water) 
showed these values to remain approximately the same from 
stages II through XXV, however mean values were lower in 
the adult animals sampled (Figures 14, 15, and 16). 
There was no significant difference in the bile's 
ability to alter the surface tension of water throughout 
developmental stages II through XXV. An analysis of variance 
of the data (Figures 14, 15 and 16; App e ndix 3) indicat e d 
that at a 0.05 l e vel of acc e ptance the null hypot hesis of 
equality with reference to bil e activity wa s no t r ej e c t e d 
(App e ndix 4). Howeve r, pairwise Stude nt's t-t e sts of data 
that include d the adult stages showed the s ampl e d adults 
to be significantly differe nt from individual s durin g mos t 




The relative ly long gut of anuran tadpo l e s compar e d to 
adults has b e e n co nsid e r e d an adaptation to a n he rbi vo r o u s 
diet. Babak and He rt e r (r ev i ewe d by Etkin, 1961) co nc lude d 
that the length of the int es tin e in larvae ma y be contro ll e d 
by the larval di e t. They claimed that animal s f e d upo n a 
vegetable di e t had longer small int es tines than tho se fed 
upon meat. Th e y further stated that young larvae ha ve a 
relatively longer intestinal tract than older animals. 
Because this study was subjected to some critici s m (Etkin , 
1964) data was gathered about gut size in ~- catesbe iana. 
Studies of changes in total body weight during deve l op-
ment of larval anurans have shown consistent patter ns of 
weight increase until stage XVI after which tadp o l e weight 
decreases continually to stage XXV (Funkhouse r and Fos t e r, 
1970; Funkhouser and Mills, 1969). Digestive trac t l e ngth 
relative to total body weight in H. catesbe iana d ec lines 
slightly during the early stages (II - XVI) indi ca ting that 
gut l e ngth doe s not keep pace with the increase in bod y 
weight occurring during this period (Fi gur e 2) . Th e r e fore 
the length of the digestive tract most probably r e main s 
relatively constant or perhaps declines slightly as de ve l o p-
ment proceeds. The data thus doe s not disput e the claims 
of Babak and Herter that young larvae have r e latively lon ge r 
digestive tracts than older animals. 
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On the other hand, the weight of the GI tract r e lative 
to total body weight remains virtually constant until stage 
XVI suggesting that gut weight becomes grea t e r, k eepin g pace 
with the increase in body weight occurring during thi s 
period of d eve lopme nt (Figure 1). If th e l e n gt h o f th e 
diges tive tract does not incr e ase during st ages II - XVI 
then the greater weight must be caused by in c r e a se d bulk. 
Evide nce supporting this conclusion wa s pr esent e d by Fort e 
et al (1969) who reported a two-fold incr e ase ( n thickn ess 
of stomach tissue from stage X t o stage XII. 
Both the relative length and weight of the GI trac t 
increased after stage XXII, counter to the continuing dec line 
in body weight of the non-feeding larvae. Th e in c r e ase in 
relative digestive tract length is however only t e mp o rary. 
The feeding adults sampled had relative gut lengths less 
than all previous developmental stages. The apparent 
increase in relative digestive tract length during stages 
XXIII - XXV is due to the proportionately greater d ec r ease 
in total body weight which occurs during thi s non- fee din g 
period. 
The increase in relative gut weight beginnin g aft e r 
stage XXII culminates in adult GI tract we ight proportion-
ately greater than found in all larval stages. This is not 
an un e xpected result considering the transition from the 
undifferentiated foregut of the tadpole to the thick walled, 
muscular esophagus and stomach of the adult. The fact that 
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the increas e in gut weight begins after stage XXII i s c o n-
sistent with the observations of weight changes during me ta-
morphosis in other digestive organs such as th e pan c r e as 
(Deuchar, 1966; Funkhouser, 1976). 
The function of bile in food utilization ha s be e n we ll 
established. Two classes of substances in bile, the bil e 
salts and phospholipids mainly in the form of lecithin, have 
detergent properties which enabl e them to bring fatty sub-
stances into water solution facilitating the absorpti o n of 
dietary fat, fat-soluble vitamins and chol e sterol. Addi-
tionally, bile provides an alkali reservoir for the neutrali-
zation of stomach acids (Hazlewood, 1964; Mag e e, 1962; 
Grodsky, 1967). 
Evaluation of biliary detergent capacity by measure-
ment of surface tension changes in water following the intro-
duction of known quantities of bile has b e en establishe d as 
a direct means of ascertaining relative amounts and activity 
of surfactant substances (Davies and Rideal, 1963; Hoffman 
and Small, 1967; Tamesue and Juniper, 1967). Surface ten-
sion is reduced by the accumulation of solubl e amphipathic 
compounds such as bile salts and lecithin. The d e cr e ase 
in surface tension proceeds rapidly and linearly with 
increasing detergent concentration until a point is reached 
where the slope changes (point of inflection). The point of 
change is the critical micellar cnncentration (CMC) where 
added surfactant molecules are incorporated into micelles 
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and e xert little additional effect on the air wat e r i nt e r-
fac e (Hoffman and Small, 1967; Tame s ue and Jun i p e r, 1 96 7). 
Fi gures 7 through 13 illus trat e the typ e of curve which is 
pro duc e d by plotting changes in s urface t e nsio n following 
th e addition of various concentrations o f bile. For e xampl e , 
a linear decre ase in surface t e n sio n is s uggested by the 
"best fit " curve for stage II. Th e c han ge in s l ope bet wee n 
the 2 ~1 and 5 ~l values s ugges t s the approximat e lo c ation 
of the CMC (Figure 7). 
The principal bile s alt constituents of adult R. 
catesbeiana have been identifi e d as 5a and 5 S - ranol s uf-
fat e s. In addition 3a , 7 a , l2 a trihydroxyco prost anic acid, 
dihydroxycoprostani c acid and cho lic acid occur i n bullfrog 
bile. Besides these bile salts, bile contains fats s u c h as 
cholesterol, bile pigments, lecithin and probably ot he r 
constituents (Hazlewood, 1967). Specific pur e bil e a c ids 
or other bile components were not separately anal yze d in 
this study and therefore it is only possibl e to infer the 
significance of th e i nflection points illus trat e d. Studies 
using a number of me thods with pure bile salts hav e e ithe r 
indicated a fairly wide range of conc e ntrati o n s ove r which 
the r e is evidence of micelle formation (CMC) or have me r e ly 
given evidence that bile salt solutions do no t b e hav e as 
ide al solutions (Hoffman and Small, 1967). 
Despite these cautions it is e vide nt that a change in 
the rate of surface tension d e crease occurs betwee n the 
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2 a nd 5 ~l bil e c on centrati o ns . Whethe r this c hange in 
surface t e nsio n is th e result of a change from mo l ecular to 
mi cella r so lution can only b e conjectured. It has bee n 
established t hat the location of the inflection point of 
pur e s ub s tance s ( e .g., bile salts) can b e altered b y many 
factors including extraneous additives present in a complex 
sol u tio n s u c h as bile. Hoffm a n and Small (1967) state that 
s ince a dditi ves are u s ually present in biologica l syst e ms , 
s tudies of bile salt aggregatio ns in the absence of addi-
tives, alt ho u g h of theoretical int e rest, may ha ve littl e 
biological r e levance. 
However, the significant point that has b een established 
i s that the ef fect of gall bladder bile upon the surface 
tensi o n of water does give a measure of the relative deter-
gent capacity of the bile. Thus it is possible to assess 
t he bile ' s su rfactant activity at various stages of bull-
frog de v e lopme nt. 
For t he purpose of comparison three bile co nce ntrations 
(20 ~1, 10 ~l and 5 ~l o f b i l e per 10 ml water) we re 
selected fo r d e tail e d exami nati on (Fi gures 14 throug h 16). 
Tl1 cse va lues we re se l ected because they r epresent the three 
h ighes t co n centration l evels cons i stently available in the 
individuals s tudi e d. So me animals h a d sufficiently large 
gall baldd e r s to p e rmit de t e rmination at 30 ~1, 40 ~land 
50 ~1 bile p e r 10 ml of water concentrations, howeve r these 
we r e limit e d t o a f ew stages and/or individuals (App e ndix 3 ). 
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It should be not e d that in all cases the higher concentra-
tions did not show evidence for an inflection point beyond 
those illu st rat e d in Figures 7 through 13. In these indi-
viduals the curve slope was consistent with that established 
b e twe e n th e 5 ~1 to 20 ~1 portion of the "best fit" curve 
s hown (App e ndix 3). 
Throughout all developmental stages (II - XXV) the 
s urfactant capacity of an individual's bile remain e d rela-
tively constant. Analyses of variance of the data from 
stages II - XXV and XVII - XXV did not reject the null 
hypothesis that the surfactant capacity remained equal 
through all stages of development (Appendix 4). (A single 
individual at stage XII had obviously cloudy bile and may 
not have been ~epresentative of individuals at this stage.) 
The adult group was found to be significantly different from 
mos t s tages of met amorphic climax with reference to sur-
factant strength of bile (Appe ndix 5). The r e lative ly low 
values of the adults compared to the immature individuals 
indi c at e that the adult bile is probably more concentrated, 
th e r e f o r e having a greater effect upon the surface tension 
o f wa te r than comparable vol ume s of bile from immature 
individuals. 
Typi c ally, the bile of h e rbivorous vertebrates is 
dilut e whil e that of car ni vo rous vertebrates is concentrat e d 
(Magee, 1962). The adult group examined in this study had 
bile that was mor e concentrated than that of the larvae. 
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The data presented supports the conclusion that the larval 
bullfrog is primarily herbivorous and the adult carnivorous. 
Howe ver, the apparent significance of the differing 
surfac tant activity levels between adult and larval bull-
frogs may not be as straightforward as the data prelimi-
narily sugge sts. The bile of stage XXV individuals is 
dilut e eve n though these organisms are by definition new 
adults (froglets). The froglet's diet is assumed to be 
typical of the mature adult yet its bile appears to be as or 
mor e dilute than the previous developmental stages. Also 
while the average adult values indicated greater surfactant 
capacity compared to immature stages, one of the five indi-
viduals had bile with less surfactant capacity than many 
immature individuals (Figures 14, 15 and 16). 
The data presented here represents individuals col-
l ec t e d fr om the same area during the summer months when all 
individuals were active. Bile from six adults collected 
during late winter at Swenson Park had weaker surfactant 
p owe r than the adults and immature individuals collected in 
s umme r from the Mokelumne River (Appendix 3; Figure 14). 
Thus it is suggested that bile is more dilute during periods 
o f l ow me tabolic activity. Support for this possibility 
c omes from observations made by Johnson et al (reviewed by 
Diamo nd, 1968) that the physiological mechanism controlling 
the c o nc e ntration of bile proceeded 3 times more slowly at 
n i ght than during the day .in dogs. 
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Before any clear conclusions can be drawn about the 
surfactant capacity of bile in adult animals a more detailed 
study of adult bile needs to be made. Attention to such 
factors as s e ason, animal size and condition, as well as 
time of last meal would be important for appropriate data 
int e rpre tation. 
Bes ides the function of bile to facilitate fat absorp-
tion it serves as a pathway for the excretion of hormon e s, 
toxins and bile pigments after their conversion to metabolic 
e nd products by the liver (Grodsky, 1967). The bile pig-
me nts found in R. catesbeiana larvae and adults are those 
common to all vertebrates, namely bilirubin formed from 
the breakdown of hemoglobin and its oxidized form biliverdin 
(Le ster and Schmid, 1961; With, 1968). 
An attempt was made to identify the relative amounts 
o f bilirubin and biliverdin. The ab so rption peak found for 
pur e bilirubin in aqueous alkaline solution is 420 nm 
(Figure 3). This figure agrees closely with those report e d 
b y othe r inv e stigators. In aqu e ous alkali solutions the 
ab s orption pe ak was reported as 440 nm by Pog and Bugge-
As p e rhe im (With, 1968), 420 nm by Bernard et al (With, 1968) 
and 430 nm by Hunter (With, 1968). The variability of 
values is apparently due to pH variations in the pre para-
t io ns and the difficulty of measurement due to the rapid 
oxidation of bilirubin (With, 1968). The absorption pe ak s 
f o und for pur e biliverdin we re at 377 nm and 665 nm in 
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aqueous alkalin e solution . Gray (1961) reported maxima at 
377 nm and 680 nm in 5% HCl in methanol (With, 1968). 
In view of the discrepancies in reported values of 
pure p igme nt preparations which do not have the additive 
variabl es o f bile it is not possible to make d e finitiv e , 
quanti tati v e s tateme nts about these pigments in gall bladde r 
bil e . Th e data illustrated in Figures 5 and 6 are sugges-
tive, howe ver, of the changes in bile pigme nts found durin g 
bullfrog deve lopme nt. 
The larval bile had virtually no bile pigment pri o r to 
me tamorphic climax (Figure 5). This agrees with the r esu lt s 
r e ported by Les ter and Schmid (1961) that the bile of R. 
ca t esb e iana larvae contained only trace amounts of bili-
rubin and biliverdin . Their suggestion was that because of 
t he virtual ab sence of the se bile pigme nts there may b e a 
mo d e of bilirubin and bilive rdin excretion different in 
larva e than in adult animals. 
The he mo globins of tadpoles and adults are not the 
same . Th e he me portions of the molecules are ide_n tical, 
but th e prote in component is differe nt. The oxygen bind i n g 
prope rti es of adult and larval hemoglobins are unlike; 
tadp o le hemog lobin lacks the Bohr effect and has a high 
o xyg e n affinity, while frog h emoglobin has a "normal" Bo hr 
e ff ec t and lowered oxygen a f finity (Trader e t al, 1963; 
Tammar, J 9 74). Table 1 outlines the transition from larval 
t o adult he mog l obin. 
TABLE 1 
Pe rce nt di s tribution of hemoglobin during the life 
cycle of the bullfrog, R. catesbeiana. 
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Stage % adult hemoglobin % larval hemoglobin 
v 6 94 
X 9 91 
XV 8 92 
XVIII 11 89 
XX 9 91 
XXII 20 80 
XXIV 65 35 
Froglet : 
1 wee k 70 30 
7 we e ks 81 19 
adult frog 82 18 
(adapt e d from Just and Atkinson, 1972) 
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The increase in bile pigment concentration (Figure 5) 
parallels the timing of hemoglobin transition in metamor-
phosing tadpoles. Because bilirubin is one of the end pro-
ducts of hemoglobin destruction, it would be expected that 
with the bre akdown of tadpole hemoglobin at metamorphic 
climax the re should be a parallel increase in the quantity 
of bilirubin present in the bile. Comparison of the data 
s howing the stages where hemoglobin transition is most 
pro no unced (Table l) with the results of the bile analysis 
(Figure 5) clearly demonstrates this relationship. The 
time of greatest tadpole hemoglobin destruction occurs 
be twe en stages XXII and XXIV (Table 1). At stage XXIV the 
gre at e st percentage of absorbance was observed at peaks 
as soc iated with the bile pigments (Figure 5). 
A shift occurs in the absorbance peak within the 370 -
420 nm range during the end of metamorphi c climax (Figure 6). 
Considering the location of the absorbance peaks found it 
would appear that at stage XXII the bile pigment is almost 
pure biliverdin. As me tamorphosis proceeds (stages XXIV 
and XXV) the absorbance peaks move progressively closer to 
that of bilirubin. 
No significant peak at the 600 - 700 nm range (repre-
s e nting biliverdin) was found prior to stage XXII. The 
in c r e ase in the percent absorbance at this range compliments 
the obse rvations cited at the 370 - 420 nm range. The 
mec hanism accounting for this change is problematical. It 
21 
i s poss ible that if the adult bile is more strongly alka-
line than the previous developmental stages then the oxi-
cation of bilirubin would be less likely. 
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SUMMARY 
The digestive tract and gall bladder bile from indi-
vidual larvae and adults of the bullfrog, R. catesbeiana, 
are e xamin e d in this study. 
The r e lative weight and length of the digestive tract 
c hange through metamorphosis. The weight of the digestive 
tract relative to total body weight ranged from 3.6% to 
5.4~ in premetamorphie stages II through XVIII. This per-
centage d e creased during metamorphic climax to a low of 
1.5% at stage XXII. Stage XXV froglets and mature frogs 
showe d relative weight to range from 5.4 to 7.2%. The 
ave rage relative length of the digestive tract compared to 
total b o dy weight ranged from 3.5 to 9.0 em per g ram body 
weight in premetamorphic stages. With the onset of meta-
morphic c limax the length decreased rapidly. This trend 
continue d through the adult stages which had less than 1.0 em 
diges tive tract length per gram body weight. 
Spe ctrophotometric analysis of the bile indicated bile 
pigme nts to be essentially absent throughout stages II 
thro u g h XVI with trace amounts demonstrated at stage XVIII. 
Signifi cant amounts of bile pigment were found to be present 
throughout metamorphic climax. The conclusion is made that 
this incre a s ed amount of bile pigment parallels the destruc-
tion of tadpole erythrocytes during these stages. Adult 
bil e pigme nt l e ve ls we re variable but always significant. 
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A shift from biliverdin as the predominant bile pigment at 
stage XXII to bilirubin by stage XXV is demonstrated. 
Tensiome tric analysis of the bile's effect upon the 
surface tension of water is used to establish the surfactant 
activity of the gall bladder bile at selected developmental 
s tage s. Results indicate that there is no significant 
change in bile surfactant activity in stages II through XXV. 
Adult animals collected at the same location and time of 
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APPENDIX 1 
Le ngth a nd weight of GI tract relative to total body 
v:eight throughout development of R. catesbeiana. 
(Data for Figures 1 and 2). 
Body GI Percent wt GI Length GI 
weight tract GI tract tract tract per 
(grams) weight length gram bod~ wt. 
Stage (grams) % Mean (em) length mean 
II 6.92 .40 5.8 4.4 56 8.1 7.0 
17.01 .77 4.5 89 !1.2 
6.24 .19 3.0 48 7.7 
III 5.92 .34 5.7 5.3 51 8.6 9.0 
5.75 .36 6.3 53 9.2 
7.29 .39 5.3 68 9.3 
5.84 .23 3.9 51 8.7 
IV 16.45 . 66 4.0 3.6 75 4.6 5A 
13.83 .4!1 3.3 84 6.1 
v 7.78 .48 6.2 5.1 64 8.2 6.8 
14.02 . 59 4.2 81 5.8 
12.68 .62 4.9 80 6.3 
VI 7.98 .38 4.8 62 7.8 
VIII 10.18 .51 5.0 4.3 66 6.5 5.4 
12.72 .56 4.4 71 5.6 
32.63 l. 19 3.6 130 4.0 
IX 9.24 . 38 4.1 4.7 58 6.3 6.6 
10.70 .57 5.3 74 6.9 
X 9.19 . 47 5.1 4.2 60 6.5 6.0 
22.00 .72 3.3 121 5.5 
XI 11.44 .57 5.0 79 6.9 
XII 16.14 .79 4.8 79 4.8 
XIV 12.08 .61 5.0 68 5.6 
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APPENDIX l (continued) 
GI Pe rcent wt GI Length GI 
Bo dy tract GI tract tract tract per 
weight weight length gram body wt. 
S tage ( g r a ms ) (grams) % Mean (em) 
length mean 
XV 16.65 .97 5.8 5.4 97 5.8 5.8 
10.76 .54 5.0 63 5.9 
XVI 17.67 1.04 5.9 95 5.4 
XVIII 17.89 .65 3.6 3.9 75 4.2 4.2 
32.16 1.19 3.7 93 2.9 
13.58 .76 5.6 85 6.3 
17.43 .59 3.4 72 4.1 
10.72 .46 4.3 52 4.9 
24.11 . 97 4.0 95 3.9 
21.03 .62 2.9 64 3.0 
XIX 18.77 .54 2.9 3.3 54 2.9 3 . 5 
18 . 90 .66 3.5 67 3.5 
16.27 .58 3.6 66 4.1 
XX 16. 13 .40 2.5 2.4 39 2.4 3.0 
17.08 .67 3.9 65 3.8 
13.36 .21 1.6 32 2.4 
16.91 .23 1.4 30 1.8 
19.38 .37 1.9 29 1.5 
10.76 .23 2.1 39 3.6 
9.44 .21 2.2 37 3 .9 
9 .70 .34 3.5 42 4 .5 
XX I I 11 .09 .20 1.8 1.5 16 1.4 1.2 
9.61 .19 2.0 12 1.2 
14 .67 .27 1.8 18 1.2 
14 .99 . 27 1.8 14 0.9 
12.08 .17 1.4 12 1.0 
19.53 .36 1.8 16 0.8 
15.04 .22 1.5 15 1.0 
25.04 .27 l.l 19 0.8 
13.70 .1 4 1.0 12 0.9 
7. 46 . 13 1.7 12 1.6 
13.84 .17 1.2 16 1.2 
16.79 .20 1.2 22 1.3 
5.97 .09 1.5 16 2.7 
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APPE:t\TDIX l (continued) 
GI Percent wt GI Length GI 
Body tract GI tract tract tract per 
we ight weight length ~ram bod~ wt. 
Stage ( g rams) (grams) ()1 Mean (ern) /0 length mean 
XXIV 9.38 .26 2.8 2.8 12 1.3 1.4 
16.22 . 39 2.4 13 0.8 
14.35 . 3(i 2.5 15 1.0 
12.67 .28 2.2 12 0.9 
7.51 .20 2.7 10 1.3 
5.21 .11 2.1 10 1.9 
6.95 .22 3.2 12 1.7 
7.12 . 2 =~ 3.2 13 1.8 
7.81 .31 4.0 12 1.5 
6.33 . H~ 3.0 10 1.6 
5.82 .13 2.2 10 1.7 
6.36 .17 2.7 10 1.6 
XXV 5.48 .27 4.9 6.2 13 2.4 2.3 
10.58 .62 5.9 19 1.8 
6.31 .44 7.0 16 2.5 
6.24 .51 8.2 19 3.0 
10.83 .53 4.9 17 1.6 
Adults: 30.8 l. 98 6.4 7 . 2 27 0.9 1.0 
15-50 31.9* 2.50* 7.8 32* 1.0 
grams 28.5* 2.12* 7.4 26* 0.9 
29.6* 2.20* 7.4 28* 0.9 
19.55* l. 3:1* 6.8 23* 1.2 
21.15* 1.57* 7.4 21* 1.0 
51-100 72.7 5.53 7.4 6.5 50 0.7 0.5 
grams 93.2 5.?.5 5.6 40 0.4 
84.9 5. 45 6.4 45 0.5 
101- 175.7 5.85 3.3 5.4 35 0.6 0.6 
200 125.6* 9.50* 7.6 60* 0.5 
grams 
over 322.0* 20.7* 6.4 5.8 82* 0.3 0.2 
200 525.4* 23.8* 4.5 91* 0.2 
grams 288.0* 20.9* 7.3 82* 0.3 
314.9* 16.1* 5.1 42* 0.1 
















Mean spectrum peak location and mean percent 
absorbance of aqueous bile solutions from 
R. catesbeiana at various developmental stages . 
Co nc e ntration ·at 40 ~1 bile per 10 ml water; 
absorbance reported at 0 - 2 mV spectrophotometer 
range value. (Data used for Figures 5 and 6) 
660 - 700 nm Eeak 370 - 420 nm peak 
mean % absorbance mean Of absorbance t O 
range mean range mean 
405 0-2.7 1.4 
405 0-1.5 1.5 
385 0-:-4.2 1.2 
677 0-7.1 2.3 384 3.3-27.1 11.2 
684 R.0-22.0 15.9 377 32.2-100+ 68.2 
691 14.5-23.2 17.0 385 72.5-100+ 89.0 
678 0-4.3 2.3 409 4.6-45.6 27.7 
Adults* 670 0-1.2 0.6 397 2.7-10.5 6.6 
* Data r eco rded base d upon 2 of 5 individuals only . 
Othe r 3 individuals displaye d no definite peak howeve r 
s howe d significant % absorbance throughout th e visible 























Individual and mean surface tension values for various 
dev e lopmental stages of !· catesbeiana. Values are 
listed for various concentrations of bile per 10 ml 
wat e r. (Data used for Figures 7 through 16) 
.2wl .5wl l).Jl 2).Jl 5wl lO).Jl 20).Jl 30).Jl 40)..11 
72.5 72.0 70.3 67.2 62.9 61.9 59.1 
70.7 69.4 67.1 62.8 61.1 59.5 
71.6 70.7 68.7 65.0 62.0 60.7 
71.5 70.6 67.7 66.1 62.0 58.6 55.3 47.5 
71.2 67.7 66.0 63.7 61.4 58.8 54.5 
71.4 68.8 66.8 64.9 61.7 58.7 54.9 
70.5 71.5 69.5 66.4 62.9 61.1 58 .5 
71.9 70.4 68.9 67.8 62.6 61.5 56.1 50.9 
72.7 71.7 69.7 68.1 64.0 61.4 58.7 
72.3 71.0 69. ~~ 68.0 63.3 61.4 57.4 
69.7 66.8 66.7 63.7 59.7 56.2 52.3 47.4 44.1 
70.5 71.5 70.4 67.5 61.5 60.6 59.6 54.1 51.1 
70.1 69.2 68.6 65.6 60.6 58.4 56.0 50.8 47.8 
71.4 67.4 65 .2 61.1 56.9 54.2 48.9 
71.2 70.1 66.4 65.3 61.8 59.2 56.4 52.1 






P~PENDIX 3 (continued ) 
Stage .2)Jl . 5)Jl 1~11 2)J1 5)J1 10l11 20)J1 30l11 40l11 50w1 
XVIII 
Indiv. 72.8 72.7 72.0 70.3 68.5 64.9 62.6 
70.7 69.4 67.3 64.3 62.1 59.2 54.7 50.8 48.0 46 .1 
70.4 68.9 65.3 64.8 61.3 58.6 56.1 
72.0 69.9 68.5 67.5 63.7 60.6 58.1 
68.8 68.9 66.7 62.6 59.8 53.8 53.9 49.7 48.1 44 . 6 
Mean 71.0 70.0 68.0 65.9 63.1 59.4 57.1 50.2 48.0 45.4 
XX 
Indiv. 72.1 69.0 67.1 65.2 59.6 56.9 55.5 47.8 46.5 45.2 
71.0 69.8 65.7 65.5 61.9 59.3 56.8 
70.3 65.0 67.2 62.2 61.1 56.1 51.5 48.7 48.0 46.2 
70.3 69.6 67.4 64.4 61.4 58.7 54.2 
69.7 68.8 65.5 65.5 62.5 56.8 56.5 57.4 
~lean 70.7 68.4 66.6 64.6 61.3 57.6 54.9 51.3 47.2 45 .7 
XXII 
Indiv. 71.1 69.2 67.5 65.5 62.1 60.1 56.5 52.4 51.8 
71.4 70.2 68.0 66.2 62.7 59.5 55.9 
71.2 70.0 69.6 67.4 64.0 61.2 57.8 
69.8 68.0 67.3 62.9 59.0 58.1 54.9 49.3 
71.1 69.2 66.5 63.0 59.7 60.0 53.8 52.4 
~lean 71.0 69.3 67.8 65.0 61.5 59.8 55.8 51.4 
},_"{IV 
Indiv. 72.4 71.4 69.5 67.4 63.7 61.0 57.4 54.7 51.4 49.6 
72.0 67.6 66.8 62.9 59.5 57.0 54.0 49.5 46 . 0 
72.3 69 .0 67.3 66.7 63.2 61.3 59.5 57.5 55.3 53 .8 
71.4 70.5 69.7 67.3 63.4 59.8 56.6 
71.8 69.9 67.4 66.4 63.3 60.3 56.5 
~ lean 72 . 0 69.7 68.1 66.1 62 .6 59.9 56.8 53.9 50.9 51.7 
'1\A"V 
Indiv. 72.5 71.3 69.8 68.8 66.4 64.0 62.0 
72.1 71.0 67.2 65.3 62.8 58.6 57.3 
72.0 71.3 66.4 65.0 63.1 58.9 57.6 54.3 
72.4 70.8 68.6 66.3 61.3 57.8 55.0 
72.5 69.1 67 .2 66.5 63.0 61.1 59.4 
r,lean 72.3 70.7 67.8 66.4 63.3 60.1 58.3 
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APPENDIX 3 (continued) 
Stage .2~1 .5~1 1~1 2}.11 5~1 10).11 2~1 3~1 4~1 50).11 
AduJt 
Indiv. 63.1 59.0 55.8 52.0 48.1 45.6 43 .7 43.0 42.5 42.2 
71.8 71.3 68.7 67.0 63.6 60.5 57.3 54.4 52.6 51.7 
67.8 63.9 59.9 56.1 51.3 48.5 46.5 44.5 43.8 43.2 
65.9 62.0 58.6 52.0 52.0 51.1 46.3 45.1 43.9 42.9 
65.0 60.5 56.0 53.2 49.8 48.6 47. 0 
~1ean 66.7 63.3 59.8 56.1 53.0 50.9 48.2 46.8 45.7 45 .0 
Adult* 
Indiv. 72.8 72.5 71.8 71.6 68.2 64.8 62.5 62.0 60.6 59.0 
72.2 69.5 68.8 66.5 62.7 60.8 58.0 56.1 54.8 53.3 




*Adults colelcted at Swenson Golf Course, Stockton, California. 
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APPE~'"DIX 4 
Analysis of variance tables for evaluation of surface 
ten s i o n values . (App e ndix 3; Figures 14, 15 and 16) 
Sum of Degr ees of Mean F 
St ages So urce Squares Fre e dom Square Tes t 
Betwee n 
s2 SSB Samples SSB t - l = 
B t-1 s2 
B 
Within 2 Samples ssw n - t 2 ssw sw 
sw = n-t 
Totals TSS n - l (c.v.)* 
* critical value for F 
20 ~l/10 ml concentration (Figure 14) 
II-XXV SSB 110.5 12 9.21 l. 4 2 
ssw 149.4 23 6.50 
TSS 259.9 35 (2.20) 
XVIII-XXV SSB 32.9 4 8.23 l. 39 
sww 119.0 20 5.95 
TSS 151.9 24 (2.20) 
II-XXV SSB 404.6 13 31.12 3 .23 
+ adult sww 260.4 27 9.64 
TSS 665.0 40 (2.10) 
10 ~l/10 ml conce ntration (Figure 15) 
II-XXV SSB 65.7 12 5.48 l. 05 
sww 125.5 24 5.23 
TSS 191.2 36 (2.18) 
XVIII-XXV SSB 21.0 4 5.25 0.93 
sww 113.0 20 5.65 
TSS 134.0 24 (2.87) 
II-XXV SSB 383.3 13 29.48 3 .22 
+ adult sww 256.8 28 9.17 
TSS 640.1 41 (2.10) 
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APPENDIX 4 (continued) 
Sum of Degrees of Mean F 
Stages Source Squares Free dom Square Test 
5 ~1/10 ml conc e ntration (Figure 16) 
II-XXV SSB 54.1 12 4.51 1.11 
sww 97.5 24 4.06 
TSS 151.6 36 (2.18) 
XV III-XXV SSB 16.9 4 4.22 0.91 
sww 93.1 20 4.66 
TSS 110.0 24 (2.87) 
II-XXV SSB 422.9 13 32.53 3.67 
+ adult sww 248.0 28 8.86 
TSS 670.9 41 (2.10) 
APPENDIX 5 
Surface tension values at listed concentrations 
of adults compared to individuals during meta-
morphic climax using pairwise Student's t-tests 
(a = .01). Stages underlined shown to be not 
significantly different from each other. 
Concentration 
(Bile/10 ml) 









Stage Adult XX XVIII XXII XXIV XXV 
Mean 50.85 57.50 59.J8 59.78 59.88 60.08 
Stage Adult XX XXII XXIV XVIII XXV 
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Figure J - Absorption spectrum at 0-1 scale of bilirubin (lmg/100ml) 
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Figure 5 - Peak percent absorbance of aqueous bile solution. Concentration 
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WAVELENGTH IN NANOMETERS 
Figure 6 - Absorbance spectrum curve from averaged plot data of dilute bi le 































CONCENTRATION ( pl bile/10 ml water } 
Figure 7 - The effect of different concentrations of g. catesbeiana 
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CONCENTRATION ( ~1 bile/10 ml water ) 
The effect of different concentrations of R. catesbeiana 
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Fi gu re 10 - The effect of differen t c oncent rati ons of R. catesbeiana 
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CONCENTRATION ( pl bile/10 ml water ) 
Figure 11 - The effect of different concentrations of ~- catesbeiana 
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CONCENTRATION ( ~1 bile/10 ml water ) 
Figure 12 - The effect of different concentrations of R· catesbeiana 
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Figure 13 - The effect of different concentrations of g. catesbeiana bile 
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Figure 14 - Surface tension values of 20 pl bile per 
individuals of R. catesbeiana at various 
10 ml water from 
developmental stages. 
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Figure 16 - Surface tension values of 5 ul bile per 10 ml water from 
individuals of R. catesbeiana at various developmental stages. 
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